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(54) Leg-movement-type robot and its hip joint device 

(57) A humanoid robot including upper limbs, lower 
limbs, and a trunk. Hip joints which connect the lower 
limbs and the trunk each possess degrees of freedom 
provided in correspondence with a hip joint yaw axis 

(16) , a hip joint roll axis (18), and a hip joint pitch axis 

(17) . The humanoid robot is a ieg-movement-type robot 
which walks on two feet (22). By arbitrarily offsetting the 
hip joint yaw axes (1 6) in a roll axis direction, the effects 
of the movement of the center of gravity occurring when 
the mode of use of the robot is changed are accommo- 
dated to in order to flexibly balance the weights of the 
upper and lower limbs. The waist is made more com- 
pact in order to form a humanoid robot which is well pro- 
portioned and which makes it possible to prevent 
interference between the left and right feet (22) when 
the direction of a foot is changed. Accordingly, a robot 
which moves naturally and in a way sufficiently indica- 
tive of emotions and feelings using fewer degrees of 
freedom is provided. 
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Description 

[0001] A robot is a mechanical device which emu- 
lates the movement of a human being by making use of 
electrical and magnetic actions. The term robot is said 5 
to be derived from the Slavic word ROBOTA (slavish 
machine). In our country, the use of robots began from 
the end of the 1960s, most of which were industrial 
robots, such as manipulators and conveyance robots, 
used, for example, for the purpose of achieving auto- 10 
matic industrial operations in factories without humans 
in attendance. 

[0002] In recent years, progress has been made in 
the research and development of leg-movement-type 
robots which emulate the movements and mechanisms 15 
of the body of an animal, such as a human being or a 
monkey, which walks on two feet while it is in an erect 
posture. Therefore, there has been greater expectation 
for putting such leg-movement-type robots into practical 
use. A superior feature of leg-movement-type robots 20 
which move on two feet while they are in an erect pos- 
ture is that they can walk flexibly, for example, up and 
down steps or over obstacles. 

[0003] In the history of leg-movement-type robots, 
research regarding leg movement was started by study- 25 
ing as elemental technology leg movement using only 
the lower limbs. Accordingly, robots of this type are not 
provided with all parts of the body which are positioned 
vertically. 

[0004] For example, Japanese Unexamined Patent 30 
Publication No. 3-184782 discloses a joint structure 
applied to the structural part below the trunk of a robot 
which walks using the legs. 

[0005] Japanese Unexamined Patent Publication 
No. 5-305579 discloses a controller for controlling the 35 
walking of a leg-movement-type robot. The controller 
disclosed in this document controls the walking of the 
robot so that the ZMP (zero moment point) matches a 
target value. The ZMP is the point on the floor surface 
where the moment resulting from the floor reaction force 40 
when the robot walks is zero. However, as can be seen 
from Fig. 1 in this document, a trunk 24 on which the 
moment acts is formed using a black box, so that not ail 
parts of the body are provided. Therefore, the document 
is confined to proposing leg movement as elemental 45 
technology. 

[0006] It goes without saying that the ultimate pur- 
pose of constructing leg -movement-type robots is to 
provide these robots with all parts of the body. More 
specifically, the ultimate purpose is to provide these 50 
robots which walk while they are in an erect posture on 
two feet with the lower limbs used for walking on two 
feet, the head, the upper limbs (including the arms), and 
the trunk which connects the upper and lower limbs. In 
such robots provided with all parts of the body, it is pre- 55 
supposed that work is carried out by moving the two 
legs while the robots are in an erect posture. In all cases 
where such work is carried out in the living space of 



human beings, it is necessary to control the robots so 
that the upper and lower limbs and the trunk move har- 
moniously in a predetermined order of priority. 
[0007] Leg-movement-type robots which emulate 
the mechanisms and movements of human beings are 
called humanoid robots. Humanoid robots can, for 
example, help people in life, that is, help them in various 
human activities in living environments and in various 
circumstances in everyday life. 

[0008] As is conventionally the case, leg-move- 
ment-type robots are roughly divided into those for 
industrial purposes and those for entertainment. 
[0009] Industrial robots are intended to carry out 
various difficult operations, such as in industrial tasks or 
production work, in place of human beings. For exam- 
ple, they carry out in place of human beings mainte- 
nance work at nuclear power plants, thermal power 
plants, or petrochemical plants, or dangerous/difficult 
work in production plants or tall buildings. The most 
important theme is to design and manufacture industrial 
robots so that they can be industrially used as specified 
and can provide the specified functions. Industrial 
robots are constructed on the assumption that they walk 
on two feet. However, as mechanical devices, they do 
not necessarily have to faithfully reproduce the actual 
body mechanisms and movements of animals, such as 
human beings or monkeys, which walk while they are in 
an erect posture. For example, the freedom of move- 
ment of particular parts (such as the finger tips), and 
their operational functions are increased and enhanced, 
respectively, in order to produce an industrial robot for a 
particular use. On the other hand, the freedom of move- 
ment of parts considered comparatively unrelated to the 
use of the industrial robot (such as the head and arms) 
is limited or such parts are not formed. This causes the 
industrial robot to have an unnatural external appear- 
ance when it works and moves, although it is a type of 
robot which walks on two feet. However, for conven- 
ience in designing such a robot, such a compromise is 
inevitable. 

[0010] In contrast, leg-movement-type robots for 
entertainment provide properties closely connected to 
life itself, rather than help people in life such as by doing 
difficult work in place of human beings. In other words, 
the ultimate purpose of producing robots for entertain- 
ment is to make these robots faithfully reproduce the 
actual mechanisms of, for example, human beings or 
monkeys, which walk on two feet while they are in an 
erect posture, and to make them move naturally and 
smoothly. Since entertainment robots are structured to 
emulate highly intelligent animals, such as human being 
or monkeys, which stand in an upright posture, it is 
desirable that they move in a way sufficiently indicative 
of emotions and feelings. In this sense, entertainment 
robots which emulate the movements of human beings 
are rightly called humanoid robots. 
[0011] In short, it is no exaggeration to say that 
entertainment robots, though intently called a leg-move- 
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ment-type robot, shares the elemental technologies of 
industrial robots, but are produced for a completely dif- 
ferent ultimate purpose and uses completely different 
hardware mechanisms and operation controlling meth- 
ods to achieve the ultimate purpose. 5 
[0012] As is already well known in the related art, 
the human body has a few hundred joints, so that it has 
a few hundred degrees of freedom. In order to make the 
movements of leg-movement-type robots as close to 
those of human beings, it is preferable that the leg- 10 
movement-type robots be allowed to move virtually as 
freely as human beings. However, this is technologically 
very difficult to achieve. This is because, since one actu- 
ator needs to be disposed to provide one degree of free- 
dom, a few hundred actuators needs to be disposed for 15 
a few hundred degrees of freedom, thereby increasing 
production costs and making it virtually impossible to 
design them in terms of, for example, their weight and 
size. In addition, when the number of degrees of free- 
dom is large, the number of calculations required for, for 20 
example, positional/operational control or balance con- 
trol is correspondingly increased exponentially. 
[0013] Restating what has been stated in another 
way, humanoid robots must emulate the mechanisms of 
the human body equipped with a limited number of 25 
degrees of freedom. Entertainment robots are required 
to move naturally in a way close to that of human beings 
and in a way sufficiently indicative of emotions and feel- 
ings with considerable fewer degrees of freedom than 
the human body. 30 
[0014] Leg-movement-type robots which walk on 
two feet while they are in an erect posture are excellent 
robots in that they can walk flexibly (such as up and 
down steps or over obstacles). However, since the 
center of gravity of such robots is located at a high posi- 35 
tion, it becomes correspondingly difficult to perform pos- 
ture control and stable walking control. In particular, the 
walking and the posture of entertainment robots need to 
be controlled while they move naturally and in a way suf- 
ficiently indicative of emotions and feelings like intelli- 40 
gent animals, such as human beings or monkeys. 
[0015] Various proposals regarding the stable walk- 
ing of leg-movement- type robots have already been 
made. For example, Japanese Unexamined Patent 
Publication No. 5-305579 discloses a leg-movement- 45 
type robot which is made to walk stably by matching 
with a target value the zero moment point (ZMP), that is, 
the point on the floor surface where the moment result- 
ing from the reaction force of the floor when the robot 
walks is zero. so 
[0016] Japanese Unexamined Patent Publication 
No. 5-305581 discloses a leg-movement-type robot 
constructed so that the ZMP is either situated in the 
inside of a supporting polyhedral (polygonal) member or 
at a location sufficiently separated by at least a prede- 55 
termined amount from an end of the supporting polyhe- 
dral (polygonal) member when a foot of the robot lands 
on or separates from the floor. As a result, even when 
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the robot is subjected to an external disturbance, it is 
not affected thereby in correspondence with a predeter- 
mined distance, making it possible make the robot walk 
more stably. 

[0017] Japanese Unexamined Patent Publication 
No. 5-305583 discloses the controlling of the walking 
speed of a leg-movement-type robot by a ZMP target 
location. More specifically, in the leg-movement-type 
robot disclosed in this document, previously set walking 
pattern data is used to drive an arm joint so that the 
ZMP matches a target location, and the tilting of the 
upper part of the body is detected in order to change the 
ejection speed of the set walking pattern data set in 
accordance with the detected value. Thus, when the 
robot unexpectedly steps on an uneven surface and, for 
example, tilts forward, the original posture of the robot 
can be recovered by increasing the ejection speed. In 
addition, since the ZMP can be controlled so as to 
match the target location, there is no problem in chang- 
ing the ejection speed in a device for supporting both 
arms. 

[0018] Japanese Unexamined Patent Publication 
No. 5-305585 discloses the controlling of the landing 
position of a leg-movement-type robot by a ZMP target 
location. More specifically, the leg-movement-type robot 
disclosed in this document is made to walk stably by 
detecting any shifts between the ZMP target location 
and the actually measured position and driving one or 
both arms so as to cancel the shift, or by detecting the 
moment around the ZMP target location and driving an 
arm so that it becomes zero. 

[0019] Japanese Unexamined Patent Publication 
No. 5-305586 discloses the controlling of the tilting of 
the posture of a leg-movement-type robot by a ZMP tar- 
get location. More specifically, the leg-movement-type 
robot disclosed in this document is made to walk stably 
by detecting the moment around the ZMP target loca- 
tion and driving an arm so that, when the moment is 
produced, the moment is zero. 

[0020] However, none of the above-described pro- 
posals mention anything about controlling the posture 
and walking of the robot while it is moving naturally and 
in a way sufficiently indicative of emotions and feelings 
like intelligent animals, such as human beings or mon- 
keys. 

[0021] A robot called WABIAN (Waseda Bipedal 
Humanoid) is disclosed in a treatise called The Devel- 
opment of Humanoid Robots Which Walk On Two Feet 
(Third Robotics Symposia, May 7 and 8, 1998) by 
Yamaguchi et al. WABIAN is a complete humanoid 
robot which is provided not only with the lower limbs, but 
also with the upper limbs and the trunk, so that it is pro- 
vided with all parts of the body. WABIAN has been 
developed for the purpose of producing a robot whose 
whole body moves harmoniously while it is walking. 
Figs. 13 and 14 are each schematic views of an assem- 
bled structure of WABIAN. WABIAN has been designed 
and manufactured to overcome the problems involved in 
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working while moving the whole body harmoniously. By 
controlling the ZMP and the yaw axis moment on the 
ZMP as a result of trunk or trunk/waist harmonious 
movement three axial moment compensation opera- 
tions, the robot may be made to walk while its lower 
limbs, finger tips, and trunk take any path of movement. 
The mechanical models illustrated in the figures use 
extra super Duralumin as main structural material, and 
has a total weight of 1 07 kg and an overall length of 1 .66 
m when they are standing still in an erect posture. 
[0022] Various aspects and features of the present 
invention are defined in the appended claims. 
[0023] According to a first aspect of the present 
invention, there is provided a leg-movement-type robot 
which moves using lower limbs. The robot comprises at 
least the lower limbs and a trunk. In the robot, a hip joint 
which connects the lower limbs and the trunk pos- 
sesses at least a degree of freedom in correspondence 
with a hip joint yaw axis which is included in the hip joint. 
The robot further comprises an offset setting mecha- 
nism for arbitrarily offsetting the hip joint yaw axis from 
the hip joint in a roll axis direction. 
[0024] Embodiments of the present invention relate 
to a realistic robot having a structure which emulates 
the mechanisms and movements of an organism, and, 
more particularly, to a leg -movement-type robot having 
a structure which emulates the body mechanisms and 
movements of, for example, a human being or a mon- 
key, which walks while it is in an erect posture. 
[0025] Even more specif ically, embodiments of the 
present invention also relate to a leg-movement-type 
robot which walks on two feet while it is in an erect pos- 
ture and which includes what one calls the upper half of 
the body, including the trunk, the head, the arms, and 
the like, provided on the legs. Still more specifically, the 
present invention relates to a robot which can move nat- 
urally in a way close to that of a human being and in a 
way sufficiently indicative of emotions and feelings with 
considerable fewer degrees of freedom than the actual 
mechanism of, for example, the human body. 
[0026] Embodiments of the present invention can 
provide an excellent robot or at least an improved robot 
having a structure which emulates the mechanisms and 
movements of the human body. 

[0027] Embodiments of the present invention can 
also provide an excellent or at least an improved leg- 
movement-type robot which walks on two feet and 
which includes the upper half of the body, such as the 
trunk, the head, the arms, etc., formed on top of the 
legs. 

[0028] Embodiments of the present invention can 
also provide an excellent or at least an improved robot 
which can move naturally in a way close to that of a 
human being and sufficiently indicative of emotion and 
feelings with a considerable fewer degrees of freedom 
than a human being. 

[0029] Embodiments of the present invention can 
also provide an excellent robot in which the posture and 



the walking thereof can be controlled while the robot 
moves naturally and in a way sufficiently indicative of 
emotions and feelings like intelligent beings such as 
human beings or monkeys. 

5 [0030] According to a second aspect of the present 
invention, there is provided a leg-movement-type robot 
which moves using lower limbs. The robot comprises at 
least the lower limbs and a trunk. In the robot, a hip joint 
which connects the lower limbs and the trunk pos- 

10 sesses at least a degree of freedom in correspondence 
with a hip joint yaw axis which is included in the hip joint. 
The hip joint yaw axis is offset from the hip joint in a roll 
axis direction. 

[0031] According to a third aspect of the present 

15 invention, there is provided a leg-movement-type robot 
which moves using lower limbs. The robot comprises at 
least the lower limbs and a trunk. In the robot, a hip joint 
yaw axis used for changing the direction of a foot tip is 
offset from the location of a hip joint used for walking 

20 using the feet. 

[0032] In the robots of the first to third aspects of the 
present invention, the amount of offset of the hip joint 
yaw axis from the location of the hip joint can be 
adjusted, so that it is possible to accommodate to the 

25 effects of the movement of the center of gravity pro- 
duced in accordance with the mode of use of the robot 
in order to flexibly balance the weights of the upper and 
lower limbs. Therefore, it is possible to make the robot 
walk smoothly and naturally while it is in an erect pos- 

30 ture. 

[0033] By offsetting the hip joint axis, the size of the 
portion of the robot corresponding to the waist can be 
made smaller and compact, so that it is possible to form 
a robot whose mechanical units are dimensionally pro- 

35 portioned with respect to each other. In other words, it is 
possible to form a robot which has a proportioned exter- 
nal appearance close to that the natural form of the 
body of an animal (which walks while it is in an erect 
posture), such as a human being or a monkey. 

40 [0034] When the joint yaw axis is offset from the 
location of the hip joint in the backward direction or in 
the direction opposite to the direction of movement, the 
location of the center of gravity of the entire robot is sit- 
uated forwardly of the hip joint yaw axis. Therefore, in 

45 order to ensure stability in the pitch direction, the hip 
joint yaw axis is disposed behind the location of the 
center of each of the left and right feet. In this case, 
even if the hip joint yaw axis is rotated to change the 
direction of a foot, interference between the left and 

so right feet can be reduced. In other words, since the 
width of the crutch does not need to be increased, the 
posture of the robot can be easily controlled in order to 
allow it to walk stably on two feet. 
[0035] According to a fourth aspect of the present 

55 invention, there is provided a leg-movement-type robot 
which moves using lower limbs. The robot comprises at 
least the lower limbs and a trunk. In the robot, a hip joint 
which connects the lower limbs and the trunk pos- 
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sesses at least a degree of freedom in correspondence 
with a hip joint yaw axis which is included in the hip joint. 
The robot further comprises an offset setting mecha- 
nism for arbitrarily offsetting the hip joint yaw axis from 
the trunk in a roll axis direction. 5 
[0036] According to a fifth aspect of the present 
invention, there is provided a I eg- movement-type robot 
which moves using lower limbs. The robot comprises at 
least the lower limbs and a trunk. In the robot, a hip joint 
which connects the lower limbs and the trunk pos- 
sesses at least a degree of freedom in correspondence 
with a hip joint yaw axis which is included in the hip joint. 
The hip joint yaw axis is offset from the trunk in a roll 
axis direction. 

[0037] According to a sixth aspect of the present 
invention, there is provided a leg-movement-type robot 
which moves using lower limbs. The robot comprises at 
least the lower limbs and a trunk. In the robot, a hip joint 
yaw axis used for changing the direction of a foot tip is 
offset from the trunk. 

[0038] According to the robots of the fourth to sixth 
aspects of the present invention, the amount of offset of 
the hip joint yaw axis from the trunk can be adjusted, so 
that it is possible to accommodate to the effects of the 
movement of the center of gravity in order to flexibly bal- 
ance the weights of the upper and lower limbs. There- 
fore, it is possible to make the robot walk smoothly and 
naturally while it is in an erect posture. 
[0039] The basic movement of, for example, a 
human being which walks on two feet is based on a for- 
wardly tilted posture. Therefore, the robot can easily 
exhibit the natural movement of a human being when 
the trunk which corresponds to the waist of a human 
being is disposed towards the front. According to the 
robots in accordance with the fourth to the six aspects, 
the walking of a human being can be faithfully emulated 
by offsetting the hip joint yaw axis from the trunk in the 
roll axis direction. 

[0040] By performing an offsetting operation and 
moving the center of gravity of the entire robot slightly 
forward, the robot can easily balance itself in terms of its 
weight while it is walking. 

[0041 ] According to a seventh aspect of the present 
invention, there is provided a leg-movement-type robot 
which moves using lower limbs. The robot comprises at 
least the lower limbs and a trunk. In the robot, the trunk 
is offset from the lower limbs in a roll axis direction. 
[0042] According to an eighth aspect of the present 
invention, there is provided a leg-movement-type robot 
which moves using lower limbs. The robot comprises 
upper limbs, the lower iimbs, and a trunk. In the robot, 
the upper limbs are offset from the lower limbs in a roll 
axis direction. 

[0043] According to a ninth aspect of the present 
invention, there is provided a robot of a type which 
spreads the legs thereof based on rotational degrees of 
freedom provided in correspondence with a hip joint roll 
axis, a hip joint pitch axis, and a hip joint yaw axis. In the 
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robot, at least the lower limbs and a trunk are mounted 
substantially vertically along a body axis direction, and 
the hip joint yaw axis is offset from the body axis by a 
predetermined amount. 

[0044] According to a tenth aspect of the present 
invention, there is provided a robot of a type which 
spreads the legs thereof based on rotational degrees of 
freedom provided in correspondence with a hip joint roll 
axis, a hip joint pitch axis, and a hip joint yaw axis. In the 
robot, at least lower limbs and a trunk are mounted sub- 
stantially vertically along a body axis direction, and the 
hip joint yaw axis is offset from the body axis by a pre- 
determined amount in a negative roll axis direction. 
[0045] According to an eleventh aspect of the 
present invention, there is provided a joint device for a 
robot comprising a plurality of joints. In the joint device, 
at least rotational degrees of freedom in correspond- 
ence with a roll axis, a pitch axis, and a yaw axis are 
provided, and the yaw axis is offset in a roll axis direc- 
tion from an axis perpendicular to the roll axis and the 
pitch axis. 

[0046] According to a twelfth aspect of the present 
invention, there is provided a joint device for a robot 
comprising a plurality of joints. In the joint device, at 
least rotational degrees of freedom provided in corre- 
spondence with a roll axis, a pitch axis, and a yaw axis 
are provided, and the yaw axis is situated at a twisting 
location with respect to both the roll axis and the pitch 
axis. 

[0047] The invention will now be described by way 
of example with reference to the accompanying draw- 
ings, throughout which like parts are referred to by like 
references, and in which: 

Fig. 1 is a front view of a humanoid robot 1 00 of an 
embodiment of the present invention. 
Fig. 2 is a back view of the humanoid robot 1 00 of 
the embodiment of the present invention. 
Fig. 3 is a schematic view of a structural model 
showing the degrees of freedom of the humanoid 
robot 100 of the embodiment of the present inven- 
tion. 

Rg. 4 is a schematic view of the structure of a con- 
trol system of the humanoid robot 100 of the 
embodiment of the present invention. 
Fig. 5 illustrates a structural model showing the 
degrees of freedom of the humanoid robot 1 00 of 
the embodiment of the present invention in the sag- 
ittal plane. 

Fig. 6 is a schematic view showing the relationship 
between the positions of left and right feet 22L and 
22R and the positions of hip joint yaw axes 1 6 when 
the hip joint yaw axes 16 are not offset from corre- 
sponding hip joint positions in the roll direction. 
Fig. 7 is a schematic view showing the relationship 
between the positions of the left and right feet 22L 
and 22R and the positions of the hip joint yaw axes 
16 when the hip joint yaw axes 16 are not offset 
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from their corresponding hip joint positions in the 
roll direction. 

Fig. 8 is an enlarged view of the crutch and a thigh 
section of the humanoid robot 100 when viewed 
from the sagittal plane. s 
Fig. 9 is an enlarged view of the crutch and the 
thigh section of the humanoid robot 100 when 
viewed from the front plane. 
Fig. 10 illustrates a mechanism for offsetting a hip 
joint yaw axis 16. w 
Fig. 1 1 is a sectional view showing a state in which 
a screwing operation has been performed at a loca- 
tion where a hip joint yaw axis 16 is maximally off- 
set from a lower limb in the roll axis direction. 
Fig. 12 illustrates a coordinate system showing the 15 
direction of movement of the humanoid robot 1 00. 
Fig. 13 schematically illustrates the structure of a 
humanoid robot WABIAN which walks on two feet 
when viewed from the front plane. 
Fig. 1 4 schematically illustrates the structure of the 20 
humanoid robot WABIAN which walks on two feet 
when viewed in the sagittal plane. 
Rg. 15 is a schematic view of the structure of the 
joint model of a humanoid robot. 

Fig. 16 is a schematic view of the structure of 25 
another joint model of a humanoid robot. 

[0048] Before disclosing a preferred embodiment of 
the present invention, the coordinate system used to 
express, for example, the degrees of freedom of a robot 30 
in the specification will be defined. 
[0049] In the embodiment, the direction of move- 
ment of the robot is used to define the x axis. The hori- 
zontal direction towards the left or right is used to define 
the y axis (with the horizontal direction towards the right 35 
being defined as the positive direction). The vertical 
direction is used to define the z axis. In the industry, in 
general, the xz plane is called the sagittal plane, 
whereas the yx plane in which the robot faces the front 
is called the front plane. 40 
[0050] As shown in Fig. 12, rotation around the 
direction of movement (that is, around the x axis) is 
called roll, rotation around the horizontal direction 
towards the left or right (that is, around the y axis) is 
called pitch, and the rotation around the vertical direc- 45 
tion (that is, around the z axis direction) is called yaw. 
[0051] A description of the embodiment will now be 
given in detail with reference to the drawings. 
[0052] Figs. 1 and 2 are a front view and a back 
view of a humanoid robot 1 00 of the embodiment of the 50 
present invention. Fig. 3 is a schematic view of a struc- 
tural model showing the degrees of freedom of the 
humanoid robot 1 00 of the embodiment of the present 
invention. 

[0053] As shown in Fig. 3, the humanoid robot 100 55 
comprises upper limbs including two arms, a head 1, 
lower limbs including two legs for moving the humanoid 
robot 100, and a trunk which connects the upper limbs 



and the lower limbs. 

[0054] The neck joint which supports the head 1 
has three degrees of freedom produced in correspond- 
ence with a neck joint yaw axis 2, a neck joint pitch axis 
3, and a neck joint roll axis 4. 

[0055] The arms each comprise a shoulder joint 
pitch axis 8, a shoulder joint roll axis 9, an upper arm 
yaw axis 10, an elbow joint pitch axis 11, a front arm 
yaw axis 12, a wrist joint pitch axis 13, a wrist joint roll 
axis 14, and a hand 15. Actually, each hand 15 has a 
structure which includes many joints/degrees of free- 
dom and a plurality of fingers. However, since the move- 
ments of the hands 15 only slightly contribute to and 
affect the controlling of the posture and the walking of 
the robot 1 00, it is assumed that each hand 1 5 has zero 
degrees of freedom. Therefore, each arm is defined as 
having seven degrees of freedom. 
[0056] The trunk has three degrees of freedom pro- 
duced in correspondence with a trunk pitch axis 5, a 
trunk roll axis 6, and a trunk yaw axis 7. In the specifica- 
tion, the point where the trunk pitch axis 5 and the trunk 
roll axis 6 intersect is defined as the location of the 
trunk. 

[0057] The legs or the lower limbs each includes a 
hip joint yaw axis 1 6, a hip joint pitch axis 1 7, a hip joint 
roll axis 18, a knee joint pitch axis 19, an ankle joint 
pitch axis 20, an ankle joint roll axis 21 , and a foot 22. In 
the specification, the point where each hip joint pitch 
axis 17 and its corresponding hip joint roll axis 18 inter- 
sect is defined as the position of each hip joint. Actually, 
each foot 22 of the human body has a structure which 
includes a sole with many joints and degrees of free- 
dom. However, each sole of the humanoid robot 100 of 
the embodiment has zero degrees of freedom. There- 
fore, each leg is constructed so as to have six degrees 
of freedom. 

[0058] To sum up, the total number of degrees of 
freedom of the humanoid robot 100 of the embodiment 
is 3 + 7x2 + 3 + 6x2 = 32. However, the number of 
degrees of freedom of the entertainment humanoid 
robot 1 00 is not necessarily limited to 32. It is obvious 
that the number of degrees of freedom, that is, the 
number of joints can be increased or decreased as nec- 
essary in accordance with, for example, the limiting con- 
ditions in designing and manufacturing the robot and 
the required specification. 

[0059] Each degree of freedom of the above- 
described humanoid robot 100 is actually provided 
using an actuator. To respond to the demands of 
approximating the form of the robot to the natural form 
of a human being by removing extra bulges from its 
external appearance, and of controlling the posture of 
an unstable structure for walking on two feet, it is prefer- 
able to use small and light actuators. In the embodi- 
ment, there are used in the humanoid robot 100 small 
AC (alternating current) servo actuators which are 
directly connected to gears and incorporate in a motor 
unit a servo control system formed into a one-chip sys- 



6 



BNSDOCID: <EP 1083120A2J_> 



11 

tern. This type of AC servo actuator is disclosed in, for 
example, Japanese Application No. 11-33386 which 
has already been assigned to the applicant. 
[0060] Fig. 4 is a schematic view of the structure of 
a control system of the humanoid robot 100. As shown 
in Fig. 4, the humanoid robot 100 comprises mechani- 
cal units 30, 40, 50R, 50L, 60R, and 60L, which are 
formed in correspondence with the head, the trunk, and 
the four limbs of a human being. The humanoid robot 
100 also comprises a control unit 80 for performing a 
suitable controlling operation in order to achieve harmo- 
nious movements between each of the mechanical units 
30, 40, 50R, SOL, 60R, and 60L. (The R and L in 50R 
and SOL and in 60R and 60L stand for right and left, 
respectively. This also applies to the R and L appearing 
in the reference numerals below.) 
[0061] The movement of the entire humanoid robot 
100 is generally controlled by the control unit 80. The 
control unit 80 comprises a main control section 81 and 
a peripheral circuit 82. The main control section 81 com- 
prises main circuit components (not shown), such as a 
central processing unit (CPU) and a memory. The 
peripheral circuit 82 includes an interface (not shown) 
for allowing transfer of data and commands between, for 
example, a power supply circuit and each of the struc- 
tural elements of the robot 1 00. 

[0062] For realizing the present invention, the loca- 
tion of placement of the control unit 80 is not particularly 
limited. Although, in Fig. 4, the control unit 80 is installed 
at the trunk unit 40, it may be installed at the head unit 
30 or outside the humanoid robot 100. When it is 
installed outside the humanoid robot 100, communica- 
tion with the body of the humanoid robot 1 00 may be 
carried out through wire or by radio. 
[0063] Each degree of freedom of the humanoid 
robot shown in Fig. 3 is provided using a corresponding 
joint actuator. More specifically, the head unit 30 
includes a neck joint yaw axis actuator A 2 , a neck joint 
pitch axis actuator A 3 , and a neck joint roll axis actuator 
A4 disposed in correspondence with the neck joint yaw 
axis 2, the neck joint pitch axis 3, and the neck joint roll 
axis 4, respectively. 

[0064] The trunk unit 40 comprises a trunk pitch 
axis actuator A 5 , a trunk roll axis actuator Ag, and a 
trunk yaw axis actuator A 7 disposed in correspondence 
with the trunk pitch axis 5, the trunk roll axis 6, and the 
trunk yaw axis 7, respectively. 

[0065] The arm unit 50R is divided into an upper 
arm unit 51 R, an elbow joint unit 52R, and a front arm 
unit 53R. The arm unit 50L is divided into an upper arm 
unit 51 L, an elbow joint unit 52L, and a front arm unit 
53L. Each of the arm units 50R and 50L comprises a 
shoulder joint pitch axis actuator A3, a shoulder joint roll 
axis actuator A 9 , an upper arm yaw axis actuator Ak), 
an elbow joint pitch axis actuator j , an elbow joint roll 
axis actuator A 12 , a wrist joint pitch axis actuator A 13 , 
and a wrist joint roll axis actuator A 14 disposed in corre- 
spondence with its respective shoulder joint pitch axis 8, 
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its respective shoulder joint roll axis 9, its respective 
upper arm yaw axis 10, its respective elbow joint pitch 
axis 1 1 , its respective elbow joint roll axis 12, its respec- 
tive wrist joint pitch axis 1 3, and its respective wrist joint 

5 roll axis 14. 

[0066] The leg unit 60R is divided into a thigh unit 
61 R, a knee unit 62R, and a shin unit 63R. The leg unit 
60L is divided into a thigh unit 61 L, a knee unit 62L, and 
a shin unit 63L. Each of the leg units 60R and 60L 

10 includes a hip joint yaw axis actuator A 16 , a hip joint 
pitch axis actuator A 17 , a hip joint roll axis actuator A 18 , 
a knee joint pitch axis actuator A 19 , an ankle joint pitch 
axis actuator A 20 , and an ankle joint roll axis actuator 
A 2 -j disposed in correspondence with its respective hip 

75 joint yaw axis 1 6, its respective hip joint pitch axis 1 7, its 
respective hip joint roll axis 18, its respective knee joint 
pitch axis 1 9, its respective ankle joint pitch axis 20, and 
its respective ankle joint roll axis 21. 
[0067] Preferably, each of the actuators A 2 to A 21 is 

20 a small AC servo actuator (described above) which is 
directly connected to gears and which incorporates in a 
motor unit a servo control system formed into a one- 
chip system. 

[0068] Subcontrol sections 35, 45, 55L and 55R, 
25 and 65L and R for controlling the driving of the corre- 
sponding actuators are disposed for the head unit 30, 
the trunk unit 40, the arm units 50L and 50R, and the leg 
units 60L and 6R, respectively. Ground confirmation 
sensors 91 and 92 for detecting whether or not the soles 
30 of the legs 60R and 60L have landed on the floor are 
installed. A posture sensor 93 for measuring the posture 
is installed in the trunk unit 40. 

[0069] The main control section 81 suitably controls 
the subcontrol sections 35, 45, 55L and 55R, and 65L 

35 and 65R in response to outputs from the sensors 91 to 
93 in order to cause the upper limbs, the trunk, and the 
lower limbs of the humanoid robot 1 00 to move harmo- 
niously. In accordance with, for example, user com- 
mands, the main control section 81 sets the movements 

40 of the legs, the zero moment point (ZMP) path, the 
movement of the trunk, the movements of the upper 
limbs, the posture and height of the waist, etc. Then, it 
sends commands for moving the above-described parts 
of the body in accordance with the aforementioned set- 

45 ting to each of the subcontrol sections 35, 45, 55L and 
55R, and 65L and 65R. After the commands have been 
sent, each of the subcontrol sections 35, 45, 55L and 
55R, and 65L and 65R interprets its corresponding 
command received from the main control section 81 in 

50 order to output a corresponding drive control signal to 
each of the joint actuators A 2 to A 21 . 
[0070] Fig. 5 illustrates a structural model showing 
the degrees of freedom of the humanoid robot 100 of 
the embodiment of the present invention when viewed 

55 from the sagittal plane. In order not to complicate Fig. 5, 
some of the joints shown in Fig. 3 have been omitted. In 
Fig. 5, the alternate long and short dashed line which 
extends in a vertical direction in the plane of the sheet is 
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defined as the trunk axis, that is, the vertical axis which 
passes through substantially the center of gravity of the 
humanoid robot 100. 

[0071] A first feature of the humanoid robot 100 of 
the embodiment is a mechanism which makes it possi- 
ble to arbitrarily set the offset locations of the hip joint 
yaw axes 1 6 from the corresponding hip joints, that is, 
the offset location of the trunk from the lower limbs in 
the roil axis direction. 

[0072] Here, the locations of the hip joints are 
defined as the points where the corresponding hip joint 
pitch axes 17 and the corresponding hip joint roll axes 
1 8 intersect each other (as described above). As can be 
seen from Fig. 5, the amount of offset of each hip joint 
yaw axis 1 6 in the roll axis direction defines the location 
where each lower limb is mounted with respect to its 
corresponding upper limb. When the hip joint yaw axis 
16 mounting locations are not offset, in the sagittal 
plane the lines passing through the hip joint locations 
and the corresponding hip joint yaw axes 16 are lined up 
in the vertical direction, that is, in a straight line in the 
yaw axis direction of the entire robot 1 00. In contrast to 
this, in Fig. 5, the hip joint yaw axes 1 6 are offset, so that 
they are separated upward in the vertical direction from 
their corresponding hip joint locations by the corre- 
sponding offset amounts. 

[0073] The humanoid robot 100 which is used to 
help people in life or which is constructed so as to be 
closely connected to life is used in an infinite variety of 
ways. For example, the humanoid robot 100 may be 
used to carry baggage with one or both arms, or to hold 
a heavy object in both arms, or to carry a bag on the 
shoulder. In these cases, the location of the center of 
gravity changes considerably. Since the offset amount 
of each hip joint yaw axis 16 from its corresponding hip 
joint location can be adjusted, it is possible to accom- 
modate to the effect of changes in the location of the 
center of gravity, so the weights of the upper and lower 
limbs can be flexibly balanced. 

[0074] When each hip joint yaw axis 16 is offset 
from its corresponding hip joint location in the roll axis 
direction, the hip joints can be made more compact in 
size. 

[0075] Although the actuators A 2 to A 21 which pro- 
duce their corresponding degrees of freedom of the 
humanoid robot 100 are AC servo actuators (described 
above) which are directly connected to gears so that 
they are smaller than other types of servo actuators, the 
actual dimensions of these actuators are in the direction 
of the axis of rotation or the radial direction of the actu- 
ators. Regarding the hip joint yaw axes 1 6, the yaw axis 
actuators A 16 increase the dimensions of the hip joints 
in the height directions. 

[0076] If a hip joint yaw axis 1 6 is disposed so as to 
intersect at right angles to its corresponding hip joint 
location, the size of the crutch of the humanoid robot 
1 00 is equal to the sum of the diameters (assumed to be 
2D) of the actuators A 17 , and A 18 (formed in corre- 



spondence with the respective hip joint pitch axis 17 
and the respective hip joint roll axis 1 8) and the longitu- 
dinal dimension (assumed to be L) of the hip joint yaw 
axis actuator A-, 6 . Therefore, the size of the crutch of the 

5 humanoid robot 100 is equal to 2D + L. Consequently, 
the dimensions of the mechanical units are no longer in 
proportion or balanced with respect to each other. On 
the other hand, when each of the hip joint yaw axis 1 6 is 
offset, the height of the portion of the humanoid robot 

w 100 corresponding to the waist can be made smaller 
than 2D +- L, making it possible to form the humanoid 
robot 100 whose mechanical units are dimensionally 
proportioned with respect to each other. In other words, 
it is possible to form the humanoid robot 100 which has 

15 a proportioned appearance very close to the natural 
form of the human body. This point will be discussed 
later with reference to Fig. 8. 

[0077] When the hip joint yaw axes 1 6 are offset in 
the roll axis direction from their corresponding hip joint 

20 locations, it is also possible to prevent interference 
between the left and right feet (when, in particular, the 
feet are rotated to change direction) when the robot 100 
is walking. This point will hereunder be described with 
reference to Figs. 6 and 7. In general, a robot which 

25 walks on two feet changes direction by rotating a foot or 
an ankle in a desired direction of change in order to 
advance the ankle in the desired direction of change. 
[0078] When the hip joint yaw axes 1 6 are not offset 
from their corresponding hip joint locations, that is, 

30 when the hip joint locations and the corresponding hip 
joint yaw axes 1 6 are lined up vertically or in a straight 
line in the yaw axis direction, the load is concentrated at 
a particular location, so that the location of the center of 
gravity of the whole humanoid robot 100 is confined 

35 near the hip joint yaw axes 16. Therefore, as shown in 
Fig. 6, in order to ensure that the robot 100 walk stably, 
that is, in order to achieve stability in the pitch direction, 
the left and right ankles must be mounted so that they 
are substantially aligned with the centers of feet 22R 

40 and 22L. 

[0079] By rotating the foot in the desired direction of 
change and advancing the foot forward, the robot of the 
type walking on two feet can change direction. Specifi- 
cally, this foot is rotated around its corresponding hip 

45 joint yaw axis 16. When this hip joint yaw axis 16 is not 
offset from its corresponding hip joint location, the 
center of rotation of the foot is substantially aligned with 
the center of the ankle. In the case where, as shown in 
Fig. 6, the ankles are substantially aligned with the cent- 

50 ers of the corresponding feet, when one of the feet is 
rotated, its heel interferes with the other foot, making it 
impossible to change direction at predetermined 
extreme angles. 

[0080] It is possible to prevent interference (illus- 
55 trated in Fig. 6) between the left and right feet by 
increasing the width of the crutch, that is, the distance 
between the right leg unit 60R and the left leg unit 60L. 
However, when the bipedal robot has a wider crutch, the 
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center of gravity moves considerably horizontally 
towards the left and right while it is moving or walking, 
though its posture becomes more stable when it is not 
walking. Therefore, it becomes considerably difficult to 
control the posture of the robot as a result of the action 5 
of the inertial moment. 

[0081] In contrast, when, as shown in Fig. 5, the hip 
joint yaw axes 1 6 are offset from their corresponding hip 
joint locations in the backward direction or in'the direc- 
tion opposite to the direction of movement, the load 
spreads, so that the center of gravity of the entire 
humanoid robot 100 is located forwardly from the hip 
joint yaw axes 16. Since the hip joint yaw axes 16 are 
offset from their corresponding hip joint locations, the 
centers of rotation of the left and right feet are disposed 
behind their corresponding ankles. 
[0082] In this case, even if one of the hip joint yaw 
axis 16 is rotated for changing direction, it is possible to 
reduce interference between the feet 22R and 22L. In 
other words, since it is not necessary to increase the 
width of the crutch, posture control can be easily carried 
out to cause the robot to walk stably on two feet. 
[0083] A second feature of the humanoid robot 1 00 
of the embodiment is another mechanism which makes 
it possible to arbitrarily set the offset locations of the hip 
joint yaw axes 1 6 from the upper part of the body, that is, 
from the trunk in the roll axis direction. 
[0084] The location of the trunk in the embodiment 
is defined as the point where the trunk pitch axis 5 and 
the trunk roll axis 6 intersect. (However, judging from the 
gist of the present invention, the location of the trunk 
should not be defined in a restrictive sense. It should be 
defined by comparison with the mechanisms of, for 
example, human beings and monkeys.) As can be 
understood from Fig. 5, the offset amount of each of the 
hip joint yaw axis 1 6 in the roll axis direction defines the 
location of mounting of the upper part of the body onto 
the lower limbs. When the hip joint yaw axis 16 mount- 
ing locations are not offset, in the sagittal plane the loca- 
tion of the trunk and the hip joint yaw axes 16 are lined 
up vertically, that is, in a straight line in the yaw axis 
direction of the entire robot 100. In contrast, the hip joint 
yaw axes 1 6 are, as shown in Fig. 5, offset downward in 
the vertical direction from the location of the trunk by the 
offset amounts. 

[0085] As already mentioned, the humanoid robot 
100 which is used to help people in life and which is pro- 
duced so as to be closely connected to human life is 
used in an infinite variety of ways. In addition, the loca- 
tion of the center of gravity of the humanoid robot 1 00 
changes considerably in accordance with its mode of 
use. Since the offset amounts of the hip joint yaw axes 
16 from the location of the trunk can be adjusted, it is 
possible to accommodate to the effect of the movement 
of the center of gravity in order to flexibly balance the 
weights of the upper and lower limbs. As a result, it is 
possible to easily make the robot 1 00 which has a struc- 
ture whose center of gravity is situated at a relatively 



16 

high location walk stabiy while it is in an erect posture. 
[0086] The basic movement of a human being walk- 
ing on two feet is based on a forwardly tilted posture. In 
other words, it is easier to make a robot exhibit the nat- 
ural movement of a human being when the trunk which 
corresponds to the waist of a human being is disposed 
towards the front. The humanoid robot 100 of the 
embodiment can faithfully emulate the walking of a 
human being by offsetting the hip joint yaw axes 1 6 from 
the location of the trunk in the roll axis direction. 
[0087] By offsetting the hip joint yaw axes 16 and 
moving the location of the center of gravity of the entire 
robot 100 slightly forward, the robot 100 can easily bal- 
ance itself in terms of its weight while it is walking or 
moving. 

[0088] Fig. 8 is art enlarged view of the crutch and 
the thigh section of the humanoid robot 100 when 
viewed in the sagittal plane. Fig. 9 is an enlarged view of 
the crutch and the thigh section of the humanoid robot 
1 00 when viewed from the front plane. 
[0089] As shown in Figs. 8 and 9, a hip joint pitch 
actuator A 17 and a hip joint roll axis actuator A 18 are 
mounted onto a thigh unit 61. Each hip joint yaw axis 
actuator A 16 is mounted onto a bracket (a pelvis at the 
trunk side) 61'. 

[0090] In the conceptual diagram of Fig. 5, the hip 
joint pitch axis 17 and the hip joint roll axis 18 intersect 
at right angles to each other. However, actually, the. 
actuators A 17 and A 18 which have a large volume can- 
not be disposed so that their axes of rotation intersect at 
right angles to each other. Accordingly, in the embodi- 
ment, as shown in Figs. 8 and 9, the robot 100 is con- 
structed so that the actuator A 17 which includes one of 
the axes that intersects at right angles is disposed away 
from the pitch axis 17, and so that the driving power is- 
transmitted to the pitch axis 17 by a pulley transmission 
system in order to make the pitch axis and the roll axis 
intersect each other. 

[0091] As can be seen from Fig. 8, in the humanoid 
robot 1 00 of the embodiment, an offset 0<j of a hip joint 
yaw axis 16 from its corresponding hip joint location, 
and an offset 0 2 of the location of the trunk from the hip 
joint yaw axis 1 6 are set. 

[0092] As already discussed, weight balancing and 
the controlling of the posture can be easily carried out 
by providing the offsets 0 1 and 0 2 . 
[0093] When a trunk pitch axis actuator A 5 is dis- 
posed in the location as shown in Fig. 8, the distance 
between the corresponding trunk roll axis 6 and the cor- 
responding trunk joint roll axis 18 becomes H v On the 
other hand, when the offset 0 2 is not set, that is, when 
the offset 0 2 is zero, the trunk pitch axis actuator A 5 can 
only be disposed at the location marked by dotted lines 
in Fig. 8. As a result, the distance between the trunk roll 
axis 6 and the hip joint roll axis 18 is increased to H 2 as 
shown in Fig. 8. This means that the height of the waist 
of the humanoid robot 100 becomes larger, so that 
whole humanoid robot 100 is not longer well propor- 
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tioned. Conversely speaking, by setting the offset 0 2 as 
in the embodiment, the whole humanoid robot 100 can 
be kept well proportioned. 

[0094] Fig. 1 0 is an enlarged view of mounting parts 
around the hip joints. 5 
[0095] As described above, the hip joint pitch axis 
actuators A 17 and the hip joint roll axis actuators A 18 are 
mounted onto the thigh units 61 L and 61 R. The hip joint 
yaw axis actuators A 16 are mounted onto the bracket 
(pelvis at the trunk side) 61'. As shown in Fig. 10, the 10 
thigh unit 61 and the bracket (pelvis at the trunk side) 
61' are screwed through four threaded holes in a hip 
joint variable mounting section 61-1. As shown in Fig. 
10, the threaded holes are in the form of slots which 
extend in the offset direction, so that the offset location is 
of the hip joint yaw axis 1 6 from its corresponding lower 
limb can be freely set in accordance with the locations 
of screwing. 

[0096] Fig. 1 1 is a sectional view showing a state in 
which a screwing operation has been performed at a 20 
location where a hip joint yaw axis 1 6 is maximally offset 
from the corresponding lower limb in the roll axis direc- 
tion. 

[0097] The trunk unit 40 (not shown in Fig. 1 1) and 
the bracket (pelvis at the trunk side) 61 ' are screwed 25 
through four threaded holes of a trunk variable mount- 
ing section 61-2. As shown in Fig. 11, since the 
threaded holes are in the form of slots which extend in 
the offset direction, the offset location of the hip joint 
yaw axis 1 6 with respect to its corresponding upper limb 30 
can be easily set in accordance with the screwing loca- 
tions. 

[0098] The present invention has been described in 
detail with reference to a particular embodiment of the 
present invention. However, it is obvious that modifica- 35 
tions and substitutions may be made by those skilled in 
the art without departing from the gist of the present 
invention. 

[0099] In the description of the specification, for 
convenience sake, the point of intersection of the trunk 40 
pitch axis 5 and the trunk roll axis 6 is defined as the 
location of the trunk, and the point of intersection of a 
hip joint pitch axis 17 and a trunk joint roll axis 18 is 
defined as the location of a hip joint. However, the 
meanings of the phrases M the location of the trunk" and 45 
"the locations of the hip joints" are to be flexibly inter- 
preted by comparing the body mechanisms, such as the 
joint structures, of an actual human being and those of 
the humanoid robot 100. Similarly, the meaning of the 
term "body axis" which means the vertical center axis of 50 
the body is to be flexibly interpreted. 
[0100] The gist of the present invention is not nec- 
essarily limited to a robot. In other words, the present 
invention may be similarly applied to any product, such 
as a toy, belonging to other industrial fields as long as 55 
the product is a mechanical device which moves in such 
a way as to emulate the movement of a human being by 
the use of electrical and magnetic actions. 



[0101] In short, the embodiment used to disclose 
the present invention has been described for illustrative 
purposes only. Therefore, it is to be understood that the 
present invention is not limited thereto. In order to deter- 
mine the gist of the present invention, one should refer 
to the claims of the present invention. 
[0102] For reference, a joint model structure of a 
humanoid robot is illustrated in Fig. 15. In the joint 
model structure shown in Fig. 15, the section of the 
robot which extends from shoulder joints 5 to hands 8 
so as to include upper arms 3, elbow joints 6, front arms 
4, and wrist joints 7 is called upper limb section 1 7. The 
section of the robot which extends from the shoulder 
joints 5 to trunk joints 10 is called a trunk 9, which cor- 
responds to the trunk of a human being. The section of 
the robot which extends from hip joints 1 1 to the trunk 
joint 1 0 is called waist 1 8. The trunk joint 1 0 acts to pro- 
duce the degrees of freedom that the backbone of a 
human being possesses. The section of the robot com- 
prising parts below the hip joints 11, that is, thighs 12, 
knee joints 14, lower crura 13, ankle joints 15, and feet 
1 6 is called lower limb section 1 9. In general, the part of 
the body above the trunk joint 10 is called the upper part 
or upper half of the body, whereas the part of the body 
below the trunk joint 10 is called the lower part or lower 
half of the body. 

[0103] Another joint model structure of a humanoid 
robot is illustrated in Fig. 16. This joint model structure 
shown in Fig. 1 6 differs from that shown in Fig. 1 5 in that 
it does not possess the trunk joint 10. (Refer to Fig. 16 
for the names of the different parts of the humanoid 
robot.) Since the humanoid robot does not include the 
trunk joint which corresponds to the backbone of a 
human being, the movement of the upper part of the 
humanoid robot cannot be moved like a human being. 
However, when an industrial humanoid robot for carry- 
ing out dangerous tasks or for carrying out tasks in 
place of human beings is used, the industrial humanoid 
robot is sometimes not constructed so as to move the 
upper part of its body. The reference numerals used in 
Figs. 15 and 16 do not correspond to those in the fig- 
ures other than Rgs. 15 and 16. 

[0104] As can be understood from the foregoing 
description, according to the present invention, it is pos- 
sible to provide an excellent or at least improved 
humanoid robot having a structure which emulates the 
mechanisms and the movements of the human body. 
[0105] According to the present invention, it is pos- 
sible to provide an excellent leg-movement-type human- 
oid robot which walks on two feet, and which includes 
what is called the upper half of the body formed on the 
legs, including the trunk, the head, and the arms. 
[0106] According to the present invention, it is also 
possible to provide an excellent or at least improved 
humanoid robot which can move naturally in a way 
close to that of a human being and in a way sufficiently 
indicative of emotions and feelings with considerable 
fewer degrees of freedom than the human body. 
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[0107] The humanoid robot of the present invention 
is a leg-movement-type robot which walks on two feet 
using the lower limbs and which comprises upper limbs, 
lower limbs, and a trunk. In the humanoid robot, the hip 
joints which join the lower limbs and the trunk possess 5 
degrees of freedom produced by their corresponding 
hip joint yaw axes, their corresponding hip joint roll axes, 
and their corresponding hip joint pitch axes. The hip 
joint yaw axes can be arbitrarily offset in the roll axis 
direction. 10 
[0108] Therefore, it is possible to flexibly balance 
the weights of the upper and lower limbs by accommo- 
dating to the effects of the movement of the center of 
gravity occurring as a result of changing the mode of 
use of the robot. is 
[0109] By offsetting the hip joint yaw axes, the 
height of the waist, that is, the length of the portion of 
the robot corresponding to the waist can be decreased, 
so that it is made more compact in size, making it possi- 
ble to form a humanoid robot whose various mechanical 20 
units are dimensionally proportioned with respect to 
each other, that is, a humanoid robot having an external 
appearance which is close to the natural form of the 
human body. 

[0110] When the hip joint yaw axes are offset from 25 
their corresponding hip joint locations in the backward 
direction or in the direction opposite to the direction of 
movement, the center of gravity of the humanoid robot 
is situated forwardly of the hip joint yaw axes. Therefore, 
in order to ensure stability in the pitch direction, the left 30 
and right ankles are disposed behind the centers of the 
corresponding feet. In this case, even if one of the hip 
joint yaw axis is rotated to change the direction of the 
corresponding foot, interference between the left and 
right feet (such as the striking of the heel of one of the 35 
feet with the other foot as shown in Fig. 6) can be 
reduced. 

[0111] The humanoid robot can faithfully emulate 
the basic movements of a human being which walks on 
two feet, the basic movements being based on a for- 40 
wardly tilted posture. 

[0112] By performing an offsetting operation in 
order to move the location of the center of gravity of the 
entire robot slightly forward, the robot can easily bal- 
ance itself it terms of its weight while walking or moving. 45 
[01 13] In so far as the embodiments of the invention 
described above are implemented, at least in part, 
using software-controlled data processing apparatus, it 
will be appreciated that a computer program providing 
such software control and a storage medium by which so 
such a computer program is stored are envisaged as 
aspects of the present invention. 

Claims 

55 

1. A leg-movement-type robot which moves using 
lower limbs, comprising: 



at least the lower limbs and a trunk; 
wherein a hip joint which connects the lower 
limbs and the trunk possesses at least a 
degree of freedom in correspondence with a 
hip joint yaw axis which is included in the hip 
joint; and 

wherein the leg-movement-type robot further 
comprises: 

an offset setting mechanism for arbitrarily off- 
setting the hip joint yaw axis from the hip joint in 
a roll axis direction. 

2. A leg-movement-type robot which moves using 
lower limbs, comprising: 

at least the lower limbs and a trunk; 
wherein a hip joint which connects the lower 
limbs and the trunk possesses at least a 
degree of freedom in correspondence with a 
hip joint yaw axis which is included in the hip 
joint; and 

wherein the hip joint yaw axis is offset from the 
hip joint in a roll axis direction. 

3. A leg-movement-type robot which moves using 
lower limbs, comprising: 

at least the lower limbs and a trunk; 
wherein a hip joint yaw axis used for changing 
the direction of a foot tip is offset from the loca- 
tion of a hip joint used for walking using the 
feet. 

4. A leg-movement-type robot which moves using 
lower limbs, comprising: 

at least the lower limbs and a trunk; 
wherein a hip joint which connects the lower 
limbs and the trunk possesses at least a 
degree of freedom in correspondence with a 
hip joint yaw axis which is included in the hip 
joint; and 

wherein the leg-movement-type robot further 
comprises: 

an offset setting mechanism for arbitrarily off- 
setting the hip joint yaw axis from the trunk in a 
roll axis direction. 

5. A leg-movement-type robot which moves using 
lower limbs, comprising: 

at least the lower limbs and a trunk; 
wherein a hip joint which connects the lower 
limbs and the trunk possesses at least a 
degree of freedom in correspondence with a 
hip joint yaw axis which is included in the hip 
joint; and 

wherein the hip joint yaw axis is offset from the 
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trunk in a roll axis direction. 



6. A leg-movement-type robot which moves using 
lower limbs, comprising: 

5 

at least the lower limbs and a trunk; 

wherein a hip joint yaw axis used for changing 

the direction of a foot tip is offset from the trunk. 



7. A I eg -movement-type robot which moves using w 
lower limbs, comprising: 

at least the lower limbs and a trunk; 

wherein the trunk is offset from the lower limbs 

in a roll axis direction. 75 



8. A leg -movement-type robot which moves using 
lower limbs, comprising: 

upper limbs; 20 
the lower limbs; and 
a trunk; 

wherein the upper limbs are offset from the 
lower limbs in a roll axis direction. 

25 

9. A robot of a type which spreads the legs thereof 
based on rotational degrees of freedom provided in 
correspondence with a hip joint roll axis, a hip joint 
pitch axis, and a hip joint yaw axis, wherein at least 

the lower limbs and a trunk are mounted substan- 30 
tially vertically along a body axis direction, and 
wherein the hip joint yaw axis is offset from the 
body axis by a predetermined amount. 

10. A robot of a type which spreads the legs thereof 35 
based on rotational degrees of freedom provided in 
correspondence with a hip joint roll axis, a hip joint 
pitch axis, and a hip joint yaw axis, wherein at least 
lower limbs and a trunk are mounted substantially 
vertically along a body axis direction, and wherein 40 
the hip joint yaw axis is offset from the body axis by 

a predetermined amount in a negative roll axis 
direction. 



11. A joint device for a robot comprising a plurality of 45 
joints, wherein at least rotational degrees of free- 
dom in correspondence with a roll axis, a pitch axis, 
and a yaw axis are provided; and wherein the yaw 
axis is offset in a roll axis direction from an axis per- 
pendicular to the roll axis and the pitch axis. 50 

12. A joint device for a robot comprising a plurality of 
joints, wherein at least rotational degrees of free- 
dom provided in correspondence with a roll axis, a 
pitch axis, and a yaw axis are provided, and 55 
wherein the yaw axis is situated at a twisting loca- 
tion with respect to both the roll axis and the pitch 
axis. 
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